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(57) ABSTRACT 
A method is provided of forming a capped chip which 
includes a conductive interconnect exposed through an 
opening in the cap. A cap having openings extending 
between outer and inner Surfaces is aligned and joined to a 
chip. A mass of fusible conductive material is positioned 
through a first Such opening onto a first Such bond pad of the 
chip. The positioned mass is heated to bond the mass to the 
first bond pad. The steps of positioning and heating the mass 
form at least a portion of a conductive interconnect extend 
ing from the first bond pad at least partially through the first 
opening. 
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SEQUENTIAL FABRICATION OF VERTICAL 
CONDUCTIVE INTERCONNECTS IN CAPPED 

CHIPS 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to microelectronic 
packaging. Microelectronic chips typically are thin, flat 
bodies with oppositely facing, generally planar front and 
rear Surfaces and with edges extending between these Sur 
faces. Chips generally have contacts on the front Surface, 
which are electrically connected to the circuits within the 
chip. Certain chips require a protective element, referred to 
herein as a cap or lid, covering all or part of the front Surface. 
For example, chips referred to as Surface acoustic wave or 
“SAW chips incorporate acoustically-active regions on 
their front surfaces, which must be protected from physical 
and chemical damage by a cap. Micro-electromechanical or 
“MEMS chips include microscopic electromechanical 
devices, e.g., acoustic transducers such as microphones, 
which must be covered by a cap. The caps used for MEMS 
and SAW chips must enclose an open gas-filled or vacuum 
void over the active region of the chip and beneath the cap 
so that the cap does not touch the acoustical or mechanical 
elements. Certain electro-optical chips such as optical sens 
ing chips and light-emitting chips have photosensitive ele 
ments which also must be protected by a cap or lid. Voltage 
controlled oscillators (VCOs) sometimes also require a cap 
to be placed over the active area. 

0002 Miniature SAW devices can be made in the form of 
a wafer which incorporates an acoustically active material 
such as lithium niobate or lithium tantalate. The wafer is 
treated to form a large number of SAW devices, and typi 
cally is also provided with electrically conductive contacts 
used to make electrical connections between the SAW 
device and other circuit elements. After such treatment, the 
wafer is severed to provide individual devices. SAW devices 
fabricated in wafer form can be provided with caps while 
still in wafer form, prior to severing. For example, as 
disclosed in U.S. Pat. No. 6,429,511 (“the 511 patent”), a 
cover wafer formed from a material Such as silicon can be 
treated to form a large number of hollow projections and 
then bonded to the top surface of the active material wafer, 
with the hollow projections facing toward the active wafer. 
After bonding, the cover wafer is polished to remove the 
material of the cover wafer down to the projections. This 
leaves the projections in place as caps on the active material 
wafer, and thus forms a composite wafer with the active 
region of each SAW device covered by a cap. 
0003 Such a composite wafer can be severed to form 
individual units. The units obtained by severing such a wafer 
can be mounted on a Substrate such as a chip carrier or 
circuit panel and be electrically connected to conductors on 
the substrate as by wire-bonding the conductors to the 
contacts on the active wafer. However, this requires that the 
caps have holes of a size sufficient to accommodate the wire 
bonding process. This increases the area of the active wafer 
required to form each unit, requires additional operations 
and results in an assembly considerably larger than the unit 
itself. 

0004. In another alternative disclosed by the 511 patent, 
terminals can be formed on the top surfaces of the caps and 
be electrically connected to the contacts on the active wafer 
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prior to severing the wafer into individual chips. For 
example, metallic vias are formed in the cover wafer prior 
to assembly. However, formation of terminals on the caps 
and vias for connecting the terminals to the contacts on the 
active wafer requires a relatively complex series of steps. 

0005 Similar problems occur in providing terminals for 
MEMS devices. For these and other reasons, further 
improvements in processes and structures for packaging 
SAW, MEMS, electro-optical and other capped devices 
would be desirable. 

SUMMARY OF THE INVENTION 

0006. According to an aspect of the invention, a method 
is provided of forming a capped chip which includes a 
conductive interconnect extending vertically through a cap 
thereof. Such method includes providing a cap having an 
outer Surface, an inner Surface opposite the outer Surface, 
and a plurality of through holes extending between the outer 
and inner Surfaces. The cap is aligned and joined to a chip 
having a front face, a device region at the front face and a 
plurality of bond pads exposed at the front face, the inner 
Surface of the cap facing the front face of the chip. A mass 
of fusible conductive material is positioned through a first 
Such through hole onto a first such bond pad. The positioned 
mass is heated to bond the mass to the first bond pad. The 
steps of positioning and heating the mass form at least a 
portion of a conductive interconnect extending from the first 
bond pad at least partially through the first through hole. 

0007. In accordance with a particular aspect of the inven 
tion, the step of aligning and joining the cap to the chip 
includes providing a sealing medium between the front face 
of the chip and the inner surface of the cap, wherein the 
sealing medium separates the device region from the plu 
rality of bond pads. 

0008. In one aspect of the invention, the step of position 
ing the mass of fusible conductive material includes dis 
pensing a ball-shaped mass of the fusible conductive mate 
rial, and the fusible conductive material includes at least one 
material selected from the group consisting of solder, tin and 
a eutectic composition. 

0009. The cap preferably consists essentially of a mate 
rial which is not wettable by the fusible conductive material 
and the non-wettable material is exposed at walls of the 
plurality of through holes such that the step of heating the 
positioned mass does not wet the wall of the first through 
hole. 

0010. In accordance with one or more further aspects of 
the invention, the walls of the plurality of through holes 
extend in a Substantially vertical direction perpendicular to 
the outer face of the cap. 
0011 Alternatively, the walls of the plurality of through 
holes extend at an angle of less than 30 degrees from a 
direction perpendicular to the outer face of the cap. 

0012. In accordance with a particular aspect of the inven 
tion, after aligning and joining the cap to the chip, wettable 
layers are formed on the plurality of bond pads and on walls 
of the plurality of through holes, wherein the step of heating 
the positioned mass wets the first bond pad and wets a first 
wall of the first through hole. 
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0013 Preferably, prior to aligning and joining the cap to 
the chip, wettable layers are formed on the plurality of bond 
pads and on walls of the plurality of through holes, wherein 
the step of heating the positioned mass wets the first bond 
pad and wets a first wall of the first through hole. 
0014. In accordance with a particular aspect of the inven 
tion, the step of positioning the mass includes using a gas to 
direct the mass towards the first bond pad. Preferably, the 
step of heating the positioned mass includes directing light 
from a laser onto the positioned mass until the positioned 
mass bonds with the first bond pad. 
0015. In accordance with one or more preferred aspects 
of the invention, a second mass of the fusible conductive 
material is positioned in contact with the bonded mass and 
heated until the second mass bonds with the previously 
bonded mass, thereby increasing a height of the conductive 
interconnect above the first bond pad. 
0016. Also in accordance with one or more preferred 
aspects of the invention, the bond pad is a first bond pad and 
the mass of fusible conductive material is a first mass. In 
accordance with a preferred method of forming a capped 
chip, after the first mass is heated to bond the first mass to 
the first bond pad, a second mass of fusible conductive 
material is then positioned through a second through hole of 
the plurality of through holes onto a second bond pad of the 
plurality of bond pads. The second mass is then heated Such 
that the heated second mass bonds to the second bond pad. 
The steps of positioning and heating the second mass form 
at least a portion of a second conductive interconnect which 
extends from the second bond pad at least partially through 
the second through hole. 
0017. In a method in accordance with a another preferred 
aspect of the invention, the mass is a first mass, and the step 
of positioning the mass includes simultaneously positioning 
a second mass of the fusible conductive material through a 
second through hole of the plurality of through holes onto a 
second bond pad of the plurality of bond pads. In accordance 
with Such aspect, the step of heating the mass includes 
simultaneously heating the positioned second mass of fus 
ible conductive material. Such that the second mass bonds to 
the second bond pad to form at least a portion of a second 
conductive interconnect that extends from the second bond 
pad at least partially through the second through hole. 
0018. In such case, preferably, the steps of positioning 
and heating the first mass, and positioning and heating the 
second mass are performed sequentially at a time when the 
chip remains attached to other chips in form of at least a 
portion of a wafer. 
0019. In accordance with one or more further aspects of 
the invention, the following steps are performed in sequen 
tial order for each ith bond pad of the plurality of bond pads. 
After heating the second mass to bond the second mass to 
the second bond pad, an ith mass of fusible conductive 
material is positioned through an ith through hole of the 
plurality of through holes onto the ith bond pad. The ith mass 
is then heated, such that the heated ith mass bonds to the ith 
bond pad. In that way, the steps of positioning and heating 
the ith mass forms at least a portion of an ith conductive 
interconnect extending from the ith bond pad at least par 
tially through the ith through hole. 
0020. In accordance with one or more preferred aspects 
of the invention, the inner Surface of the cap is spaced from 
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the front face of the chip by a first vertical separation 
distance and a width of the positioned mass is greater than 
the first vertical separation distance. 
0021. In accordance with a particular aspect of the inven 
tion, the step of positioning the second mass includes 
dispensing the fusible conductive material in a second 
nominal Volume exceeding a first nominal Volume of the 
first mass by more than 20%. Preferably, a width of the first 
through hole at the inner Surface is greater than the vertical 
separation distance. Alternatively, or in addition thereto, a 
thickness of the cap between the inner and outer Surfaces is 
greater than a width of first through hole at the inner surface. 
0022. According to a particular preferred aspect of the 
invention, the second nominal Volume is dispensed in the 
step of positioning the second mass by an apparatus which 
positions and heats the first nominal Volume, the second 
nominal Volume being determined by adjusting the appara 
tus according to at least one of a width of the second through 
hole and a vertical separation distance between the inner 
surface of the cap and the front surface of the chip at the 
second through hole. 
0023. A method of fabricating a microelectronic device in 
accordance with another aspect of the invention includes (a) 
assembling a cap element with a wafer element having a 
front face including a plurality of regions, each Such region 
including an active area and a plurality of bond pads exposed 
at the front face outside of the active area. The cap element 
is positioned such that it overlies the front face of the wafer 
element. The cap element in Such microelectronic device has 
a plurality of openings which extend from an outer Surface 
of the cap element to an inner Surface of the cap element. 
Then, (b) a first mass of fusible conductive material is 
positioned and bonded through a first opening of the plu 
rality of openings onto a first bond pad of the plurality of 
bond pads, and (c) a second mass of fusible conductive 
material is positioned and bonded through one or more of the 
plurality of openings. In a further step (d), these steps (b) and 
(c) are repeated a plurality of times and then (e) the wafer 
element and the cap element are severed along severance 
lines to thereby form a plurality of capped units, the capped 
units including a plurality of conductive interconnects, the 
conductive interconnects including the first and second 
bonded masses. 

0024. In accordance with a particular aspect of the inven 
tion, the steps (b) and (c) are performed sequentially to the 
first bond pad and to a second bond pad of the plurality of 
bond pads. 
0025. Alternatively or in addition thereto, the steps (b) 
and (c) are performed sequentially to bond the second mass 
through the first opening to the first mass to form stacked 
masses including the first mass and the second mass bonded 
to the first mass. 

0026. In accordance with a particular preferred aspect of 
the invention, each of the steps (b) and (c) are performed 
simultaneously to the first bond pad and to a second bond 
pad of the plurality of bond pads using a tool which heats the 
first mass individually to cause the first mass to bond to the 
first bond pad and using a tool which heats the second mass 
individually to cause the second mass to bond to the second 
bond pad. 
0027 Preferably, each of the steps (b) and (c) are per 
formed simultaneously to the first bond pad and to a second 
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bond pad of the plurality of bond pads by providing a 
combined mass of the fusible material including the first and 
second masses to a combined opening in which the first and 
second bond pads are exposed. The combined mass is 
caused to melt and simultaneously bond to the first and 
second bond pads. In Such case, the step (e) of severing the 
wafer element and the cap element severs the combined 
mass to form a first conductive interconnect extending from 
the first bond pad of a first chip and a second conductive 
interconnect extending from a second bond pad of a second 
chip. 

0028. In accordance with another aspect of the invention, 
a device includes a chip having a front face, the front face 
having a plurality of peripheral edges. The chip includes an 
active region and a plurality of bond pads exposed in a bond 
pad region at the front face. A cap overlies the front face. The 
cap has an inner Surface facing the front face, an outer 
Surface opposite the inner Surface, and a plurality of through 
holes which extend between the inner and outer surfaces. 
The cap is mounted to the chip and spaced from the chip to 
define a void. A plurality of electrically conductive inter 
connects, each including a fusible conductive material, are 
bonded to the plurality of bond pads. The conductive inter 
connects extend at least partially through the through holes. 
In addition, the plurality of electrically conductive intercon 
nects include stacked columns of two or more masses of the 
fusible conductive material in ones of the plurality of 
through holes. 
0029. In accordance with one or more particular aspects 
of the invention, the device further includes a seal extending 
between the cap and the chip over a portion of the chip 
between the active region and the bond pad region. For 
example, the seal may extend to outer portions of the front 
face extending between the bond pad region and the periph 
eral edges. 
0030. An assembly in accordance with another aspect of 
the invention includes a device including a capped chip 
having electrically conductive interconnects as described 
herein and further includes a Substrate having a front Surface 
and one or more terminals exposed at the front Surface. The 
front face of the chip faces toward the front surface of the 
Substrate and stacked columns of two or more masses of the 
fusible conductive material are bonded to the one or more 
terminals of the substrate. 

0031 Preferably in accordance with such aspect, the 
substrate includes a dielectric element and a plurality of 
metal wiring patterns exposed at the front Surface. For 
example, the dielectric element can include at least one 
material selected from the group consisting of BT resins, 
FR-4 composites, epoxies, ceramics, polyimide or glasses. 

0032. A microelectronic assembly in accordance with 
another aspect of the invention includes a microelectronic 
device including a capped chip and a circuit panel having 
terminals bonded to the microelectronic device. The micro 
electronic device includes (a) a chip having a front Surface 
and a rear Surface. The front Surface includes an active 
region and a plurality of contacts exposed at the front Surface 
outside of the active region. In addition, (b) a cap overlays 
the front Surface of the chip, the cap having an inner Surface 
adjacent to the front Surface, an outer Surface remote from 
the inner Surface and edges bounding the cap. At least one 
of the edges includes one or more outer portions and one or 
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more recesses extending laterally inward from the outer 
portions such that the contacts are aligned with the recesses 
and exposed within the recesses. The microelectronic device 
further includes (c) a plurality of conductive interconnects 
bonded to the contacts, with the conductive interconnects 
extending from the contacts in a direction towards the outer 
Surface. The circuit panel has a first Surface and a plurality 
of terminals exposed at the first surface that are bonded to 
the contacts of the chip through the conductive intercon 
nects. The microelectronic device is positioned in Such way 
that the outer surface of the cap faces the first surface of the 
circuit panel. 
0033. In accordance with a preferred aspect of the inven 
tion, the conductive interconnects may include masses of a 
fusible conductive material bonded to the contacts. Accord 
ing to a particular aspect, the masses are first masses, and the 
microelectronic device further includes second masses of a 
fusible conductive material. The second masses are bonded 
to at least some of the first masses of fusible conductive 
material to form stacked masses, such that at least some of 
the conductive interconnects include the Stacked masses. 

0034. In accordance with one or more preferred aspects 
of the invention, the conductive interconnects include stud 
bumps bonded to the contacts and a flowable conductive 
medium bonding the stud bumps to the terminals. In a 
particular embodiment, the flowable conductive medium 
includes a fusible conductive medium, which may be, for 
example, a conductive adhesive. 
0035. As used herein in relation to a cap and cap wafer, 
the terms “top surface' and “outer surface” refer to an outer 
exterior-facing Surface of the cap, and the terms “bottom 
surface' or “inner surface” refer to an inner, inwardly-facing 
Surface of the cap, referring to the manner in which the cap 
is joined to the chip. Stated another way, the outer surface of 
the cap faces away from the front, i.e., the contact-bearing 
surface of the chip, while the inner surface of the cap faces 
towards the front or contact-bearing Surface of the chip. 
Thus, the outer surface of the cap is referred to as the top 
surface, and the inner surface of the cap is referred to as the 
bottom Surface, even if the capped chip structure including 
both chip and cap is turned over and mounted. Such that the 
top surface faces downwardly and is joined to another 
article. Such as a circuit panel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0036 FIGS. 1-3D including sectional views 1, 2A and 
3A-3C and plan views 2B and 3D illustrate stages in 
fabrication of capped chips having sequentially formed 
vertical conductive interconnects in accordance with an 
embodiment of the invention. 

0037 FIG. 4 illustrates a variation of the above embodi 
ment in which conductive interconnects extend upward 
within vertical walled through holes of a cap element. 
0038 FIGS.5A and 5B illustrate further variations of the 
above embodiments in which conductive interconnects are 
formed in vertical walled through holes which are not lined 
with a wettable metal. 

0.039 FIGS. 6A and 6B are plan views further illustrating 
locations of a sealing material in relation to bond pads and 
an active region of chip in accordance with the embodiments 
of the invention illustrated in FIGS. 5A and 5B. 
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0040 FIG. 7 is a sectional view illustrating an assembly 
including a capped chip as mounted to a substrate in 
accordance with an embodiment of the invention. 

0041 FIG. 8 is a top-down plan view of a capped chip in 
accordance with another embodiment of the invention. 

0.042 FIG. 9 is a corresponding elevational view of a 
capped chip in accordance with the embodiment of the 
invention illustrated in FIG. 8. 

0.043 FIG. 10A is a sectional view illustrating a stage in 
a process of manufacturing capped chips in accordance with 
the embodiment of the invention illustrated in FIGS. 8 and 
9. 

0044 FIG. 10B is a sectional view illustrating a stage 
subsequent to the stage shown in FIG. 10A in a process of 
manufacturing capped chips in accordance with the embodi 
ment of the invention illustrated in FIGS. 8 and 9. 

0045 FIG. 11 is a top-down plan view of a capped chip 
in accordance with a variation of the embodiment of the 
invention illustrated in FIG. 8. 

0046 FIG. 12 is a corresponding elevational view of a 
capped chip in accordance with the embodiment of the 
invention illustrated in FIG. 11. 

DETAILED DESCRIPTION 

0047 The following U.S. patent applications and U.S. 
Provisional Patent Applications are incorporated herein by 
reference: Ser. No. 10/949,575, filed Sep. 24, 2004, Ser. No. 
11/121,434, filed May 4, 2005, Ser. No. 10/711,945, filed 
Oct. 14, 2004, Ser. No. 11/120,711, filed May 3, 2005, Ser. 
No. 11/068,830, filed Mar. 1, 2005, Ser. No. 11/068,831, 
filed Mar. 1, 2005, Ser. No. 11/016,034, filed Dec. 17, 2004, 
Ser. No. 11/284,289, filed Nov. 21, 2005, Ser. No. 10/977, 
515, filed Oct. 29, 2004, Ser. No. 11/025,440, filed Dec. 29, 
2004, Ser. No. 11/204,680, filed Aug. 16, 2005, 60/664,129, 
filed Mar. 22, 2005, 60/707,813, filed Aug. 12, 2005, 60/732, 
679, filed Nov. 2, 2005, 60/736,195, filed Nov. 14, 2005 and 
the commonly owned U.S. patent application Ser. No. To Be 
Assigned, filed Dec. 15, 2005 entitled “STRUCTURE AND 
METHOD OF MAKING CAPPED CHIP HAVING DIS 
CRETE ARTICLE ASSEMBLED INTO VERTICAL 
INTERCONNECT. 

0.048 Among embodiments of the invention described 
herein, capped chips having conductive interconnects are 
formed in which a fusible conductive material, e.g., solder, 
tin or eutectic composition is Supplied through an opening (a 
through hole and/or recess) of the cap to a bond pad of the 
chip. A tool positions a mass of the fusible conductive 
material within a particular opening and then heats the mass 
of material to a bonding temperature. The fusible conductive 
material bonds to a bond pad of the chip and extends at least 
partially through the opening. In a particular embodiment, 
the fusible conductive material bonds to other structure 
when present, as well. Such as to a wettable lining provided 
within the opening. 
0049 FIGS. 1-3D illustrate a capped chip as a portion of 
a wafer having a cap element assembled thereto. FIGS. 1-3D 
also illustrate stages in a method for fabricating a capped 
chip according to an embodiment of the invention. In 
particular, FIG. 3C is a sectional view illustrating a capped 
chip 300 as a portion of a capped wafer and FIG. 3D is a 
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top-down plan view illustrating an interconnect 303 and the 
seal 206 provided on the surface of a chip 202 included in 
the capped chip. 
0050 Particular types of devices, such as SAW devices 
and MEMs need to be sealed hermetically in order to 
function appropriately over the life of the device. Contact 
with Substances, even de-ionized water, can cause the fre 
quency of SAW devices to change. For many silicon semi 
conductor devices, a package is considered to be hermitic if 
it has a leak rate of helium below 1x10 Pa m/sec. Other 
devices Such as electro-optical devices do not require her 
meticity, but nevertheless are best packaged with a protec 
tive lid which is at least somewhat optically transmissive, 
the lid covering the optical device to prevent particles from 
reaching a surface of the electro-optical device. 
0051 Referring to FIG. 1, in a method of forming such 
capped chips, a plurality of caps 102 are attached together at 
boundaries 101 within a multiple cap-containing element 
100 or cap wafer. The cap wafer 100 is simultaneously 
mounted to a plurality of chips 202 (FIG. 2A). The chips 
themselves may be contained in a single wafer 201 or a 
plurality of chip-containing wafers. After joining the cap 
wafer to the chip wafer, the chips are severed to form a unit 
300, as best seen in FIG. 3C. 

0.052 With continued reference to FIG. 1, the cap ele 
ment 100 can be either rigid or somewhat flexible, and a 
variety of materials are available for its construction. In one 
embodiment, when the area of the cap element 100 and the 
chips to be joined are fairly large, the cap element 100 
consists essentially of one or more materials or a composi 
tion of materials which has a coefficient of thermal expan 
sion (hereinafter “CTE) similar to that of the chips that are 
to be capped. For example, the cap element 100 may include 
or consist of one or more materials such as ceramics, metals, 
glasses and semiconductor materials which preferably are 
expansion-matched to silicon. When the chips are provided 
on a silicon wafer or other such semiconductor wafer having 
a relatively low CTE, the cap element 100 preferably 
consists essentially of one or more CTE-matched materials 
Such as silicon or other semiconductor material, aluminum, 
nickel alloys, iron and alloys of nickel and cobalt. Another 
Suitable material having a CTE matching that of silicon is 
borosilicate glass. 
0053) Referring to FIG. 2A, when the device region 204 
includes a SAW device, the cap element is desirably con 
structed of a material having a CTE which is matched to that 
of the SAW device. For example, when the chip includes a 
SAW device fabricated in a wafer including lithium tantalate 
material, a preferred material for the cap element is alumi 
num, because aluminum has a CTE which is similar to that 
of SAW devices. Aluminum also a low modulus of elasticity, 
and aluminum can be oxidized to form an insulating Surface 
oxide of aluminum by processes such as 'anodizing. By 
formation of such oxide, insulating layers are formed on the 
top surface and bottom surface of the cap. Any openings 
Such as through holes in the cap can also be insulated by 
formation of Such oxide. For example, such oxide can be 
used to isolate respective ones of electrical interconnects 
which extend through Such through holes. 
0054 As further shown in FIG. 1, the cap element 100 
and each cap 102 thereof has a top surface 105 and a bottom 
surface 103. In the embodiment shown, the top and bottom 
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surfaces define respective planes. Through holes 104 are 
provided in the cap element 100, generally at a rate of one 
or more through holes per cap 102. The through holes are 
formed by any technique Suited for the particular material or 
materials of which the cap element is made. For example, 
when the cap element 100 is composed predominantly of 
silicon, metal, ceramics and glasses, the through holes can 
be provided by a Subtractive process such as etching or 
drilling. Alternatively, when the cap element 100 includes a 
polymer, the through holes are preferably formed in a 
process by which the cap element is initially formed, as by 
molding. In the embodiment shown in FIG. 1, the cap 
element 100 consists predominantly of a dielectric or semi 
conductor material Such as a glass, ceramic or a silicon 
wafer. Typical etching methods applied to wafers of Such 
materials result in through holes which are tapered as shown 
to grow Smaller from one surface towards the other surface, 
Such that they have a substantially frusto-conical shape. In 
the embodiment shown in FIG. 1, the through holes 104 are 
tapered to become smaller in a direction from the top surface 
towards the bottom surface. 

0.055 As further shown in FIG. 1, bonding layers, i.e., 
wettable regions 106, wettable, illustratively, by a fusible 
medium Such as solder, tin, or a eutectic composition, are 
provided on the sidewalls 107 of the through holes 104. The 
tapered profile of the through holes generally assists in 
permitting the wettable regions to be formed on the side 
walls 107 of the through holes 104 by deposition. Suitable 
bonding layers will vary with the material of the cap element 
and the fusible material which is used to form the bond. The 
particular fusible medium may affect the impedance char 
acteristics of the bond that is formed. One exemplary 
bonding layer for use with a fusible medium such as a 
low-melting point tin-based solder and a cap element 100 
consisting essentially of semiconductor, ceramic or glass, 
includes a 0.1 um thick layer of titanium overlying the 
sidewalls of the through holes 104, an additional 0.1 um 
thick layer of platinum overlying the titanium layer, and a 
0.1 um thick exposed layer of gold overlying the platinum 
layer. A variety of metals in a variety of layered structures 
may be deposited to provide such wettable layers. Typically, 
one or more layers of metal are deposited onto the walls of 
the through holes and bond pads, e.g., via vapor deposition 
and/or electroless plating and/or electroplating. Examples of 
metals which can be deposited first on the cap element as an 
adhesion layer include, but are not limited to the following: 
chromium, titanium, Vanadium, titanium-tungsten, and lay 
ered structures of metal including a layer of titanium fol 
lowed by a layer of copper, a layer of titanium followed by 
a layer of chromium and then followed by a layer of copper. 
A final layer of a noble metal Such as gold is then deposited 
as an outermost layer to protect the layered structure from 
corrosion. Thus, a layer of nickel followed by an outermost 
layer of gold can be provided. Silver can sometimes be used 
instead as the final metal because, although silver corrodes, 
silver oxide is conductive. As an alternative to providing 
Such final noble metal, an organic solderability preservative 
can be deposited to overlie the wettable layer previously 
formed on the walls of the through holes and the bond pads. 
In a particular example, when the fusible material is a 
lead-free solder, the wettable bonding layer can include a 
layer of nickel followed by a layer of copper. In another 
example, when the fusible material includes a eutectic 
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composition, preferably a layered structure of chromium 
followed by nickel and then gold is provided. 
0056. As shown in FIG. 2A, the cap element 100 is 
aligned to a plurality of attached chips 202. Such as con 
tained in a device wafer 201 or portion of a device wafer. An 
inner surface 103 of the cap element 100 is preferably 
spaced from the front surface 209 of the chip 202 so as to 
define a gas-filled void or vacuum void 214 between the cap 
element 100 and the chip 202. The device region 204 of each 
chip 202 is conductively connected by wiring 210 to bond 
pads 208 disposed in a bond pad region at the front surface 
209 of each chip. 
0057. A sealing medium or sealing material 206 seals the 
cap element 100 to the device wafer 201. Illustratively, the 
sealing material 206 includes, an adhesive, a glass, espe 
cially a low-melting point glass, a fusible material Such as 
solder, or another material which is capable of forming a 
diffusion bond. For example, the sealing material may be a 
fusible material such as solder which wets an exposed 
surface of a bonding element 207 and forms a strong bond 
thereto by diffusion of materials between the fusible material 
and the bonding element. The bonding element 207 is 
preferably a ring-like wettable metallic feature which sur 
rounds the bond pads 208 on the front surface 209 of the chip 
202. When the bonding medium is a fusible material, e.g., a 
solder, tin or eutectic composition, the bonding element 207 
is preferably disposed in registration with a like or similar 
bonding element 212 provided on an inner or “bottom’ 
surface 103 of the cap element 100. Alternatively, the sealing 
material can extend throughout the region occupied by the 
bond pads such that each conductive interconnect is indi 
vidually and completely surrounded by the sealing material 
and the sealing material extends to the perimeter of the 
device region 204 of the chip. When the sealing material is 
a fusible material, the seal forms when the inner surface 103 
of the cap element 100 and the front surface 209 of the chip 
containing wafer 202 are drawn together by the decreasing 
height of the fusible material as it cools and freezes into final 
form. 

0058 Alternatively, the sealing material 206 can include 
one or more materials such as thermoplastics, adhesives, and 
low melting point glasses. A low melting point glass can be 
used to bond the inner surface 103 of the cap element 100 
directly to a front surface 209 of the wafer 201 containing 
chips 202, without requiring intervening metallizations such 
as the above-described bonding elements to be provided on 
opposing surfaces of the device wafer 201 and the cap 
element 100. In one embodiment, the device region 204 
includes a SAW device, and the sealing material is disposed 
in an annular or ring-like pattern in a way that Surrounds the 
bond pads 208 and the device region 204 to hermetically seal 
each cap 102 to each chip 202. The capped chip optionally 
includes a guard ring 348 which is used to prevent the 
sealing material from flowing beyond the wettable seal ring 
layer towards the device area 204 of the chip 202. The guard 
ring presents a Surface which is not wettable by the sealing 
material. Certain materials present nonwettable Surfaces to 
other materials. For example, polytetrafluoroethylene 
(PTFE) presents a surface to which most other materials will 
not adhere or wet. In one embodiment, the guard ring 348 
includes PTFE as a material at the exposed surface thereof. 
A similar seal ring layer and guard ring are optionally 
provided on the inner surface 103 of the cap element 103. 
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0059) Preferably, bottom surface 103 of the cap element 
100 is vertically spaced from the front surface of the device 
wafer 201 by stand-offs 240 which protrude from the front 
surface of the device wafer 240. Alternatively, such stand 
offs can be incorporated in the cap element 100 and protrude 
downward from the inner surface 103 of the cap element 
100. The stand-offs 240 are used to establish and maintain a 
vertical spacing between the cap inner Surface of the cap that 
is joined to each chip in order to assure that a gas-filled or 
vacuum void 214 overlying the device region 204 has 
sufficient height for device function. Stand-offs could also be 
separate elements distributed throughout the seal medium 
and contained within its thickness. 

0060. The device wafer 201 is shown in plan view in FIG. 
2B. Illustratively, the wafer is one of many available types 
of wafers which include at least a layer of semiconductor 
material. Illustratively, the device wafer may include one or 
more semiconductors such as silicon, an alloy of silicon, 
another group IV semiconductor, a III-V compound semi 
conductors or a II-VI semiconductor. Each chip 202 includes 
a semiconductor device region 204 containing, for example, 
one or more active or passive devices formed of the semi 
conductor material of the chip. Examples of such devices 
include, but are not limited to a microelectronic or micro 
electromechanical device such as a SAW device, MEMS 
device, voltage-controlled oscillator (“VCO), etc., and an 
electro-optic device. The bond pads 208 of each chip 202 are 
shown in FIG. 2B. With respect to the plan view of the 
device wafer 201 shown in FIG. 2B which is directed 
towards its front surface 209 (FIG. 2A), the term “vertical” 
means an at least generally “north-South' direction in accor 
dance with the directions indicator 215 shown in FIG. 2B, 
Such direction being generally within or parallel to the plane 
which corresponds to the major surface or “front” surface 
209 of the device wafer. By contrast, the term “horizontal” 
means a direction within or parallel to the plane of the front 
surface 209 and which is transverse to the “north-south' 
direction. The horizontal direction is typically in an “east 
west direction according to indicator 215 and is orthogonal 
to the “north-south' direction. However, the east-west direc 
tion need only be a direction within or parallel to the front 
surface 209 which lies at an angle from the north-south 
direction. 

0061. With continued reference to FIG.2B, each chip 202 
is severable from other chips of the device wafer by severing 
the wafer along vertical dicing channels 211 and along 
horizontal dicing channels 213, a process known as “dic 
ing’. In a preferred embodiment, each chip are not severed 
from other chips of the device wafer 201 until steps are 
completed by which a cap element 100 s bonded to the 
device wafer and conductive interconnects are formed which 
extend from the bond pads 208 of chips through the through 
holes in respective caps 102 of the cap element. 
0062 FIGS. 3A-3C are sectional views illustrating fur 
ther stages of fabrication in which electrically conductive 
interconnects 303 (FIG. 3C) are formed which extend from 
the bond pads 208 of each chip 202 into through holes 104. 
As shown in FIG. 3A, an embodiment is shown in which an 
inner surface 103 of a cap element 100 is sealed by a sealing 
material 206 to the front Surface 209 of a device wafer 201. 
In this embodiment, the bond pads 208 include solder 
wettable regions which are exposed at the front surface 209 
of the chip. As further illustrated in FIG. 3A, a process is 
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performed for dispensing a fusible conductive material and 
heating it to bond the fusible material to the bond pads and 
wettable regions 106 lining the walls of the through holes. 
0063 Referring to FIG. 3A, a tool 350 is movable above 
the top surface 105 of the capped wafer. Illustratively, the 
tool can be a wafer bumping tool such as provided by Pac 
Tech USA Inc. having a place of business at Santa Clara, 
Calif. The tool is capable of precise movement in X and y 
horizontal directions, preferably under control of a software 
program. Preferably, one or more optical sensors 352 is 
mounted to the tool for guiding its movement to a selected 
position of the capped wafer. The tool 350 performs a 
process of positioning a mass of a fusible conductive mate 
rial, e.g., a solder ball 354 or “solder sphere' within a 
through hole and then heating the solder ball to a tempera 
ture at which it then bonds to a bond pad of the chip. 
Attached to the tool 350 is preferably a “singulation 
unit'358 for the purpose of directing a solder ball into the 
head of the tool 350 at an appropriate time to be bonded to 
the capped wafer. The singulation unit can either carry a 
supply of pre-formed solder balls or form each solder ball 
just prior to the time that it is positioned and bonded to the 
capped wafer. 
0064. The solder ball is positioned by a process which 
directs the pre-formed solder ball through an outlet or nozzle 
355 of the tool towards the bond pad 208 of the chip. The 
nozzle 355 ejects the solder ball in a direction towards the 
bond pad using a gas emitted from the nozzle such that it 
preferably comes to rest on the bond pad 208. The position 
of the solder ball after it comes to rest on the bond pad 208 
is shown by the dotted outline at 364. The gas ideally 
consists essentially of one or more inert, nonreactive or low 
reactivity gases, considering the materials of the chip and 
other components of the capped wafer. The gas preferably 
consists essentially of nitrogen, but noble gases such as 
helium, argon and neon and other gases can be used which 
are considered to have relatively low rates of reaction at 
temperatures at which solder or other fusible material bonds 
to materials that they wet. In a particular embodiment, a 
coating of flux is applied to the solder ball prior to or at the 
time that the ball is ejected from the nozzle. In such 
embodiment, the flux helps the solder ball to stick to the 
bond pad so that the ball is positioned properly for the 
bonding process which follows. 
0065) Next, the solder ball is bonded to the bond pad by 
highly localized heating. Ideally, this step should heat the 
solder ball and the surface of the bond pad to an attach 
temperature and be done without imparting a great amount 
of the heat to the device wafer of the cap wafer mounted 
thereto. A laser is capable of imparting heat to the solder ball 
in an appropriately localized manner. Ideally, a laser 360 is 
mounted to the tool 350 for directing its energy in a 
columnar direction 362 of the tool towards the solder ball. 
The nozzle 355 may further include focusing apparatus such 
as a lens for the purpose of spreading the energy of the laser 
beam over the width of the solder ball and/or for concen 
trating the energy at a particular distance from the nozzle 
which coincides with the vertical distance of the solder ball 
in a columnar direction 362 from the nozzle 355. Upon 
melting the solder ball, the solder therein spreads over the 
exposed surface of the bond pad 208 until the bond pad is 
completely covered. In addition, the solder of the solder 
balls flows onto, upward and downward along the wettable 
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lining 106 of the through hole until the tendency for the 
solder to spread is balanced by the Surface tension and 
gravity which pulls in a downward direction on the solder. 
0.066 The two-step process of positioning a mass of 
fusible conductive material, e.g., a solder ball, and then 
bonding that mass to the chip is preferably performed 
sequentially, one bond pad after another for each of the bond 
pads of the capped wafer. Illustratively, after forming a 
conductive interconnect by steps including positioning the 
solder ball within through hole 104 and bonding it, the 
nozzle 355 of tool 350 is moved to another position above 
through hole 104 and these steps are repeated to form a 
conductive interconnect within that through hole. Of course, 
the sequential nature of these operations does not preclude 
the use of several tools 350 in parallel to fabricate multiple 
conductive interconnects simultaneously on one capped 
wafer. Simultaneous fabrication is possible when each of the 
multiple tools has appropriate geometry and instrumentation 
to be simultaneously guided to the multiple locations on the 
wafer for simultaneous processing. An advantage of pro 
cessing each bond pad of the chip individually by a tool is 
that the tool need not be custom and precision milled to the 
requirements (pitch and through hole size) of the capped 
wafer. These parameters are preferably adjustable by soft 
ware used to control the movement and operation of the tool 
(or each tool in the case of multiple simultaneously active 
tools). 
0067. However, for particular applications, as when the 
commercial Success of a chip in large quantities is assured, 
a cost advantage can be achieved by providing a cluster of 
such tools 350 which are capable of simultaneously per 
forming the above-described processing to two or more 
bond pads. In a particular example, a row, a column, or 
portion of a row or portion of a column of exposed bond 
pads are processed simultaneously by a tool. In another 
example, multiple rows or columns or portions thereof are 
processed simultaneously. In Such case, the tool cluster must 
have a capability of maintaining precise spacings between 
individual locations of the capped wafer processed thereby. 

0068. In the embodiment illustrated in FIG. 3A, the mass 
366 of solder or other fusible material that results after 
positioning and bonding the solder ball does not completely 
fill the through hole 104. Rather, the height of the mass 366 
within the hole might only be barely above the inner surface 
103 of the cap element. The mass 366 serves to seal the 
through hole to protect the device region 204 against con 
taminants. However, for certain applications, a conductive 
interconnect which includes the mass 366 may need to have 
greater height within the through hole. In Such case, the mass 
366 is considered only an initial or first mass. It may be 
necessary to position and bond a further or second solder 
ball to the mass in order to complete the conductive inter 
connect. The tool 350 is capable of positioning an additional 
solder ball within the through hole and locally heating the 
additional solder ball to cause it to fuse to the pre-existing 
solder mass in the hole. 

0069 FIG. 3B illustrates such case in which a further 
solder ball 374 is ejected from the tool 350 into the through 
hole 104 in order to increase the height of the conductive 
interconnect. FIG. 3C illustrates the capped wafer after the 
second solder ball has been positioned within the through 
hole by tool 350 and heated to a temperature at which the 
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second solder ball softens or melts. In such manner, a second 
mass 219 is formed overlying the top surface 218 of the first 
mass 366 and fused to the solder-wettable lining 106 at the 
wall of the through hole. During the bonding process, the 
second mass 219 preferably fuses to the top surface 218 of 
the first mass to form one solid mass of solder. As shown in 
FIG. 3C, a seam appears between the first and second masses 
of solder at the top surface 218 of the first mass. The seam 
may result when the localized heating provided by the tool 
350 is insufficiently generalized to completely melt the 
second mass 219 into the first mass. However, it is not 
required to eliminate the seam. A good conductive intercon 
nect is produced whether or not a seam is present between 
the first and second masses of fusible conductive materialso 
long as there is good conduction from the bond pad up 
through the fusible material of the conductive interconnect. 
0070. As seen in FIG. 3C, positioning and bonding of the 
second mass of fusible material has now raised the top 
surface 303 of the conductive interconnect to a level reach 
ing that of the top surface 105 of the capped wafer. The 
height that the conductive interconnect reaches depends 
upon the total volume of the through hole plus the volume 
of the interconnect between the cap wafer and the device 
wafer, in relation to the amount of fusible material provided 
thereto for the formation of the interconnect. Further, the 
geometry of the through hole, i.e., its height to width aspect 
ratio, influences the size of the solder ball that can be 
positioned and bonded in each cycle. When the aspect ratio 
is low, one solder ball placed on the bond pad and bonded 
thereto may provide enough fusible material to fill the 
through hole. On the other hand, when the aspect ratio is 
relatively high, multiple solder balls may need to be posi 
tioned by the tool and bonded therein to produce the 
conductive interconnect having the desired height. 

0071 FIG. 3C illustrates an embodiment in which each 
individual bond pad is not totally surrounded by the seal 
medium. Therefore, the combined mass 304 of fusible 
conductive material formed by the first mass 366 and second 
mass 219 separates the void 214 sealed by the cap from the 
medium, e.g., air, or other gaseous or liquid medium which 
is present above the exterior surface 105 of the conductive 
interconnect. Thereafter, the assembly formed by the cap 
element 100 and the wafer 201 is severed by sawing along 
dicing lanes defining boundaries between individual capped 
chips 300, such as at boundary 101 between two such 
capped chips 300 shown in FIG. 3C. 

0072 The top-down plan view of FIG. 3D further illus 
trates features on the surface of the chip 202 as completed 
in an assembly including a capped chip, the illustrated 
features including the device area 204 of the chip 202, the 
interconnects 303 which are joined to bond pads of the chip, 
and a ring seal 206 which is disposed as an annular “ring 
or preferably square-shaped picture-frame ring structure 
that surrounds the bond pads and the device area 204 of the 
chip 202. 

0073 Optionally, various stages of the above-described 
processing can be performed in different facilities because 
the required cleanroom level, i.e., a level specifying the 
maximum concentration of contaminating particles in the air 
and on Surfaces of the facility, varies during the stages of 
processing. Moreover, some of the stages of processing are 
best performed in facilities which are oriented to performing 
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certain steps of processing. In a preferred embodiment, 
testing is performed on the results of intermediate stages of 
processing to eliminate product and materials from the 
process stream which the testing determines to be defective. 
0074 Thus, with respect to the processes described in the 
foregoing, a facility can fabricate cap elements, e.g. cap 
wafers having dimensions sized to fit the chip-containing 
device wafers to be covered thereby. As an example, such 
cap elements are fabricated from blank wafers, which can be 
either new wafers or possibly wafers recycled from previous 
processing. The cap elements are subjected to processing to 
form the through holes, which are then tested to assure 
conformance to standards of quality, e.g., placement, loca 
tion, alignment, pitch, depth, Sidewall angle, etc., and any of 
several other criteria for assuring quality. In either the same 
facility or a different facility, processing may then proceed 
with the formation of wettable regions disposed on sidewalls 
of the through holes, e.g., regions having one or more 
metallic layers referred to as “under bump metallizations' 
(“UBMs) having an exposed outer surface adapted to be 
wetted by solder or other fusible material. Because of the 
techniques used, and the increased sizes of features of the 
cap element, and tolerances therefor, these particular steps 
can be performed in facilities which need not be geared to 
the fabrication of semiconductor devices. However, there is 
no constraint against performing Such steps in a semicon 
ductor fabrication facility, if desired. At the conclusion of 
this processing, testing is optionally performed to assure that 
the wettable regions of the cap element meet quality stan 
dards. 

0075. Thereafter, the cap element and the chip-containing 
wafer are joined together according to processing Such as 
described above with reference to FIG. 2A, such joining 
process preferably being performed in a facility having a 
high cleanroom level. For example, Such process is desirably 
performed in a semiconductor fabrication facility, which can 
be the same facility in which the device wafer which 
contains the chips is made. When the chips include optically 
active elements such as imaging sensors, processing to 
complete the conductive interconnects 303 (FIG. 3C) of 
each cap element can be deferred until later processing, if 
desired, since the primary concern is to mount the cap 
element as a cover over the chip wafer to avoid dust 
contamination. However, if the chip contains a SAW device, 
MEMs device or other such device requiring hermetic 
packaging, it is desirable to form the conductive intercon 
nects 303 when the cap is first joined to the device wafer, to 
form a seal which protects the SAW device during subse 
quent stages of processing. Again, Some testing is then 
desirably performed to assure that quality standards are met 
prior to proceeding to Subsequent stages of fabrication. In 
chips that do not require hermetic sealing, Subsequent pro 
cessing can be conducted later to form the electrical inter 
connects and to provide any further sealing that is needed. 
Such processing can be performed in another facility other 
than the semiconductor fabrication facility, and at a clean 
room level that is not required to be as high as that of a 
semiconductor fabrication facility. 
0.076 The mounting of a cap element to a chip wafer, as 
described in the foregoing, is especially advantageous for 
the packaging of certain types of chips, especially those 
including SAW devices, MEMs devices, and optical devices, 
potentially resulting in increased yields, due to the ability of 
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Such processing to be performed efficiently in cleanroom 
environments of semiconductor fabrication facilities, where 
Sources of contamination are kept to a minimum. In par 
ticular, it is especially desirable to protect chips which 
include imaging sensors such as charge-coupled device 
(CCD) arrays and CMOS PN arrays and the like from dust 
or other particle contamination by attaching a cap or lid to 
the front Surface of the chip, as early in the packaging 
process as possible. Such imaging sensors include an imag 
ing device array of a chip, over which a layer including an 
array of bubble-shaped microlenses is formed in contact 
with the device array. The array of microlenses typically 
includes one microlens per pixel unit of the device array, the 
pixel unit having dimensions of a few microns on each side. 
In addition, Such microlenses are often made of a sticky 
material to which dust tends to adhere after manufacture. An 
example of a material used to fabricate microlenses is 
paralyene. Particles and dust, if allowed to settle directly on 
an imaging sensor, can obscure a portion of the pixel area of 
the imaging sensor, causing the image captured by the sensor 
to exhibit a black spot or degraded image. 
0077. However, owing to the shape of the microlenses 
and their number, and the sticky nature of the material used 
to make them, it is virtually impossible to remove dust or 
other particles that settle on the Surface of a typical imaging 
sensor having Such microlenses. Thus, any particles which 
settle on the imaging sensor at any time after the microlens 
array is formed. Such as during the packaging or dicing 
processes, render the imaging sensor defective, such that it 
must be discarded. This provides an explanation why Such 
imaging sensor chips, when packaged according to conven 
tional chip-on-board techniques, exhibit a yield rate in the 
final packaged chips, which is only 80% to 85% of the chips 
fabricated on each wafer that initially test good. 
0078. On the other hand, particles and dust which settle 
on a transparent cap or cover above the outer Surface of the 
chip do not obscure a portion of the image because the outer 
surface of the cap lies outside of the focal plane of the 
device. At worst, particles settling on the cover result in 
slightly decreased light intensity striking a portion of the 
imaging sensor. The slightly decreased light intensity rarely 
affects the quality of the image captured by the imaging 
sensor. Moreover, as described herein, the caps or covers can 
be mounted over the imaging sensors of the chips while the 
chips remain attached in wafer form, i.e., before the wafer is 
diced into individual chips. The mounting of the caps is 
preferably performed in substantially the same level of 
cleanroom environment as that used to fabricate the wafer, 
e.g., before the chip wafer leaves the semiconductor fabri 
cation facility. In Such manner, dust and particles are pre 
vented from ever reaching the Surface of imaging sensors of 
the chips. Moreover, once the chips are protected by such 
transparent caps, it becomes possible to clean the top Sur 
faces of the covers if particles such as dust reach them. This 
is because the transparent caps can be made Substantially 
planar, unlike the topography of the bubble-shaped micro 
lenses of the imaging sensor, and are typically made of a 
material Such as glass, which is readily cleaned by a solvent. 
Because the potential for direct dust contamination of the 
imaging sensor is virtually eliminated once the transparent 
cap wafer is mounted to the chip wafer, it is estimated that 
imaging sensor chips which are provided with transparent 
covers early in the packaging cycle have a yield rate of 
97%-99%. In such case, the defect rate becomes no longer 
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primarily due to contamination of the imaging sensors, but 
rather, for other reasons such as electrical functionality. 
0079. Desirably, wafer-level testing is performed on the 
chip-containing wafer 201 (FIG. 3C) prior to the cap ele 
ment 100 being joined to the wafer 201 and the conductive 
interconnects 304 formed thereto. “Wafer-level testing 
refers to such testing as is generally performed on chips, 
prior to the chips being severed into individual chips. More 
extensive testing, commonly referred to as “chip-level test 
ing, is typically performed only after the chip has been 
severed from the wafer and packaged as an individual chip. 

0080 Wafer-level testing typically tests for basic func 
tionality, such as for electrical continuity, and basic func 
tional operation of each chip. Such testing is desirably 
performed prior to individually packaging each chip, in 
order to eliminate the costs of packaging chips that are later 
determined to be defective. Thus, it is desirable to perform 
steps to complete the packaging of chips only with respect 
to chips which have passed initial wafer-level testing, i.e., 
“known good dies'. By completing the packaging only as to 
“known good dies, unnecessary packaging operations and/ 
or rework of packaging operations are avoided. 

0081 Wafer-level testing generally takes much less time, 
perhaps as much as 100 times Smaller amount of time per 
chip tested than chip-level testing. However, the cost per 
chip of wafer-level testing performed by equipment capable 
of mechanically probing the Surface of the wafer can equal 
or exceed that of the cost of chip-level testing, despite the 
greater amount of time per chip needed to perform chip 
level testing. The special equipment required to precisely 
mechanically probe the contacts on the wafer Surface is very 
expensive. For that reason, such special equipment is typi 
cally also subject to resource constraints within the manu 
facturing facility. Moreover, fewer contacts per chips are 
capable of being simultaneously contacted by Such equip 
ment than is generally the case for chip-level testing, for 
which chips are generally placed in sockets for testing. 
Another factor that affects the cost of wafer-level testing is 
that the special equipment used to probe the contacts of the 
wafer is limited to testing a single chip at a time, to at most 
a few chips at one time. 
0082 On the other hand, chips that are processed into 
capped chips in wafer form or lidded chips in wafer form, as 
described herein, e.g., in FIGS. 1-3D, are capable of being 
tested at the wafer level, with test equipment that is poten 
tially less expensive than the mechanical probing equipment 
described above, because interconnects of the chips are 
disposed on the top surface of the cap wafer and for that 
reason, are capable of being probed by equipment similar to 
that used to perform chip-level testing. For example, the top 
or outer Surface of the cap wafer can be mechanically 
contacted by a contact-bearing dielectric element of test 
equipment, the contacts of the test equipment being held in 
contact with the conductive interconnects of multiple chips 
of the wafer, as by mechanical force. In such manner, testing 
is performed through Voltages and/or currents applied to an 
interconnect 303 of each capped chip 300 when the capped 
chips remain attached in form of the wafer 201 (FIG. 3C). 
In that way, a plurality of chips of each wafer are simulta 
neously tested and determined to be good or defective, using 
equipment that can be less expensive than the above 
described test equipment, because the need to mechanically 
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probe the wafer surface directly is eliminated. In a particular 
embodiment, a greater Subset of tests than is generally 
performed as “wafer-level testing is performed to the 
capped chips. This is possible because the wafer containing 
the capped chips is able to be tested by test equipment that 
is less expensive than the mechanical probing equipment 
discussed above. In addition, the ability to test a greater 
number of the chips at one time permits more testing to be 
performed per chip for the same total amount of test time 
using the less expensive test equipment. In a highly pre 
ferred embodiment, the capped chips are tested in Such 
equipment for all or nearly all of the same functions ordi 
narily performed during chip-level testing, prior to the chips 
being severed from the capped chip-containing wafer into 
individual capped chips. 

0083) One feature of the embodiments described above 
with reference to FIGS. 1-3D is the use of through holes 
which are uniformly tapered to become progressively 
smaller with depth from the top surface of the cap wafer or 
cap element 100. From the perspective of the top surface 105 
(FIG. 3C) a sidewall 107 of each through hole is angled 
inwardly at an angle typically ranging from about 5 degrees 
to 70 degrees from the vertical, the vertical being a direction 
340 which is normal to directions 342, 344 parallel to the top 
surface 105. More preferably, the angle of the sidewall 107 
to the vertical is between 10 degrees and 60 degrees and, 
most preferably, between 20 degrees and 60 degrees. In each 
case shown in FIG. 3C, the diameter of each through hole 
varies between a larger diameter 335 at the top surface 105 
and a smaller diameter 330 at the bottom surface 103. The 
thickness of the cap 102 illustratively ranges between 100 
and 300 um. The smaller diameter 330 of the through holes 
at the bottom (inner) surface 103 is on the order of about 40 
to 100 um, and the larger diameter 335 of the through holes 
at the upper surface 105 of the cap element ranges from 
twice as large to many times larger than the Smaller diameter 
330. It is advantageous for through holes to be tapered in this 
way because wettable layers 106 can be formed on the walls 
of the through holes by processing directed towards the top 
or outer surface 105 of the cap element. 

0084. In one embodiment of making the through holes, 
the cap element 100 consists essentially of silicon. Wet 
chemical etching is applied through openings in a patterned 
masking layer (not shown) at the top surface 105 to form the 
through holes, resulting in the sidewall 107 being angled 
inwardly towards the bottom surface 105 at an angle of 
about 60 degrees with respect to the vertical. 

0085. However, in many cases it is preferable to make the 
angle between the sidewall and the top surface 105 Small, in 
order to reduce the amount of area occupied by each 
interconnect. In such case, laser drilling may be used to form 
through holes in a cap element which consists essentially of 
silicon, glass, ceramic or other similar material. Laser drill 
ing typically results in through holes which are angled 
inwardly at an angle of about 7 degrees to the normal, as 
viewed from the top surface 105 downward. However, when 
the bond pads of a chip are closely spaced, it may be 
preferable for the through holes to have a profile other than 
that shown and described relative to FIG. 3C. When con 
sidered in terms of forming interconnects to closely spaced 
bond pads 208 of a chip 202, it is seen that the larger 
diameters 335 of the through holes at the top surface 305 of 
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the cap element may well limit the spacing at which Such 
interconnects 303 can be made. 

0.086 As shown in FIG. 4, in a variation of the above 
described embodiment, the walls 507 of the through holes 
504 of the cap are oriented in a vertical direction with 
respect to the major surface 209 of the chip 202. In this way, 
the through holes 504 are disposed at right angles to the 
outer or top surface 505 of the cap 502. As in the above 
described embodiment, wettable metal linings 506 are dis 
posed on the walls 507 of the through holes, and extend onto 
the top surface 505. These wettable linings are connected to 
traces 508 which, in turn, connect to contacts 510 disposed 
on the top surface of the cap 502. Similar to the above 
described embodiment, FIG. 4 illustrates a case in which 
three solder balls (shown in dotted outline form at 512 are 
sequentially deposited and bonded to the existing structure 
in each through hole 504 until each through hole is filled. 
0087. Once a conductive interconnect 520 is fully formed 
within a through hole 504 in which the metal lining connects 
to such metal trace 508, the bond pad of the chip 208 is then 
connected through the conductive interconnect 520, trace 
508 and external contact 510 as a fan-out and redistribution 
trace. 

0088. In particular embodiments, shown in partial sec 
tional view in FIGS.5A and 5B, the walls 607 of the through 
holes are not lined with wettable layers, e.g., wettable metal 
linings 506 (FIG. 4) as described above which line the walls 
507 of the through holes 504 (FIG. 4). As has been discussed 
in commonly owned U.S. patent application Ser. No. 
10/949,674 (incorporated herein by reference) it is preferred 
that through holes have vertical walls when conductive 
interconnects require tight pitch. 
0089. However, when through holes have substantially 
vertical walls, metallic linings are difficult to form via vapor 
deposition techniques which are preferred therefor. Thus, it 
is desirable for conductive interconnects to be formed in 
through holes of cap wafers that are not made of wettable 
materials or which do not have wettable linings. In such 
case, with there being no wettable material present at the 
walls 607, solder or other fusible material applied according 
to the above-described process has a tendency to draw back 
from the walls and top surface of the cap 602, rather than to 
bond to the walls and the top surface. This challenge is 
uniquely addressed by the process described above of indi 
vidually positioning and locally heating a mass of fusible 
conductive material within each through hole. By such 
process, a solder ball is positioned by a jet of gas onto a 
surface such as the bond pad where it is then locally heated, 
as by a laser, to bond the solder ball to the bond pad. 
Moreover, this process can be repeated one or more times in 
accordance with the aspect ratio of the through hole until 
enough of the fusible material has been deposited to fill the 
through hole and fully form the conductive interconnect. 
0090 FIG. 5A illustrates a case in which the fusible 
conductive material 620 extends above and onto the top 
surface 605 of the cap. The fusible material 620 exposed 
above the top surface 605 tends to bead up and project 
somewhat above the top surface 605. On the other hand, 
FIG. 5B illustrates a variation in which a smaller amount of 
the fusible conductive material 622 projects above the top 
surface 605, such that the fusible conductive material does 
not overlie the top surface of the cap. 
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0091. In each of these cases, because of the lack of a 
wettable lining within the through hole, the conductive 
interconnect 600 hole may not achieve a seal sufficient for 
Some applications, especially for protecting SAW chips or 
other electromechanical chips. To achieve the required seal, 
as illustrated in FIGS. 5A and 5B, the sealing material 606 
between the chip 202 and the cap 602 may be disposed at a 
location laterally between conductive interconnects 600 and 
the device region 204. Such arrangement is further illus 
trated in the top-down plan view of FIG. 6A. In a variation 
of such arrangement, as illustrated in FIG. 6B, conductive 
interconnects 700 are disposed in locations which are sur 
rounded by the sealing material 706. Examples of such 
sealing arrangements and processes used to produce them 
are further described in commonly owned U.S. patent appli 
cation Ser. No. 10/949,674 which is incorporated by refer 
ence herein. 

0092. Other, alternative ways of forming the conductive 
interconnects 700 within the through holes of the chip 
include methods such as the solder-ball stenciling method 
and stud-bumping method described in the commonly 
owned U.S. patent application Ser. No. 10/949,575 (“the 
575 application') incorporated by reference herein. In 
another alternative, conductive interconnects extending 
from the bond pads to locations exposed at an exterior of the 
capped chip can be formed by plating, such as described in 
the 575 application incorporated herein. In yet another 
alternative, conductive interconnects can be formed by plat 
ing up the through holes of the capped wafer after assem 
bling the cap element to the wafer element. In such example, 
the plated metal preferably extends continuously from the 
bond pads upward along the walls of the through holes, 
covering the layer of adhesive exposed between the cap 
element and the wafer element. The plated metal preferably 
extends to locations at the top surface of the cap element 
where it is then available to be contacted by another com 
ponent of an assembly, Such as a circuit panel. Such plated 
metal layer is preferably formed by a combination of a 
masked electroless plating onto the exposed Surfaces of the 
through hole, adhesive layer and bond pad, some of which 
are non-metallic, and then electroplating to finish forming 
conductive interconnects. 

0093. Several embodiments are described above with 
reference to FIGS. 1 through 6B for fabricating capped chips 
having vertical conductive interconnects exposed at a top 
surface of the cap. By virtue of the conductive interconnects 
provided thereon, the resulting capped chips are adapted for 
incorporation into higher level assemblies. Several such 
assemblies and variations thereof are described in com 
monly owned U.S. patent application Ser. No. 10/949,674 
and other applications incorporated by reference herein. 
Referring to FIG. 7, an advantage of capped chips formed in 
accordance with the presently described embodiments is that 
solder exposed at the outer surface 803 of each cap 801 is 
available for direct surface mounting to wettable metal 
terminals 804 exposed at a top surface 813 of a substrate 
802. Moreover, a variety of substrates can be mated to the 
capped chip. For example, the capped chip can be mated 
with Substantially rigid circuit panels, e.g., those which 
include dielectric elements such as BT resins, FR-4 com 
posites, epoxies, ceramics, or glasses. Alternatively, the 
capped chip can be mated with pliable, tape-like circuit 
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panels, among which are flexible circuit panels or package 
elements, typically consisting of a material Such as polyim 
ide. 

0094 FIG. 8 is a top-down plan view illustrating a 
capped or "lidded chip 850 according to an embodiment of 
the invention in which, like that shown in FIGS. 6A and 6B, 
a plurality of bond pads 852 of the chip are located near 
edges 858 of the chip. In such capped chip, the cap or 
“lid'855 (of which the top surface is visible in FIG. 8) 
covers and protects a device region 854 located at or near the 
center of the capped chip. The cap 855 has one or more 
castellated edges, such edges having one or more recesses 
856 in the cap material which expose the bond pads of the 
chip. Between pairs of the recesses 856, finger portions 860 
of the cap material are present, the finger portions preferably 
serving to mechanically Support the capped chip. Such 
capped chips and variations thereofare shown and described 
in U.S. Provisional Application No. 60/664,129. 

0.095 FIG. 8 additionally illustrates an embodiment in 
which the capped chip 850 has been further prepared for 
Surface mounting to an additional element, e.g., to a circuit 
panel 910 (FIG. 9). The chip is bonded via a flip-chip 
bonding method, in which the front (bond pad-bearing) face 
of the chip faces down and is bonded by a bonding material 
to terminals 920 of the circuit panel. As further illustrated in 
FIG. 8, masses 870 of bonding material, e.g., a fusible 
material Such as Solder, tin or a eutectic composition, are 
provided on the bond pads 852 of the capped chips, the bond 
pads having been previously treated to provide solder 
bondable regions, e.g., Such as commonly referred to as 
“under-bump metallizations (“UBMs). The masses of 
bonding material are preferably fully formed bumps of the 
fusible material having a height above the front face of the 
chip close to that or above that of the height of the top 
surface of the cap above the front face, and the bonding 
material preferably at least substantially filling or overfilling 
the Volume of the recess. In Such way, the capped chip 
having the bump-filled recesses 870 is ready for bonding to 
terminals 920 of a circuit panel 910 (FIG. 9) or other 
element. In this way, the recesses contain Sufficient amounts 
of the fusible material 870 to bond to the terminals 920 of 
the circuit panel. Alternatively a conductive adhesive (e.g., 
silver-filled epoxy, Solder paste, among others) is deposited 
within the recesses and caused to bond thereto, as through 
post-deposition baking. 

0096. When the bonding material is a fusible material, 
e.g., Solder, it is preferably deposited and reflowed using a 
technique similar to that described above of using a tool to 
position a ball of the material onto a bond pad and then 
locally heat the ball of material such that it bonds to the bond 
pad of the chip. This step of bonding the fusible material is 
preferably performed while the chip remains attached to 
other chips, e.g., in form of a wafer or portion of a wafer, as 
capped by a correspondingly sized cap element, Such capped 
wafer structure being as described in U.S. Provisional Appli 
cation No. 60/664,129 incorporated by reference herein. In 
Such case, the fusible material is positioned and bonded to 
the chips through openings in a cap element which cross 
dicing lanes at boundaries between respective chips. 

0097 Another example of placing and bonding the 
masses of a fusible material is similar to that described in 
commonly owned U.S. patent application Ser. No. 10/949, 
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575 incorporated by reference herein. Referring to FIG. 
10A, a plurality of capped chips 850 remain attached 
together as one capped wafer or a capped portion a wafer, the 
dotted lines indicating dicing lanes which define the bound 
aries between each capped chip 850. In such method, a 
multiplicity of balls 875 of fusible material, e.g., of solder, 
are simultaneously placed at edges of openings or within 
openings of Such capped chip 850 by a stenciling method in 
which the balls are directed towards the openings in the cap 
element through the openings in the stencil. Thereafter, a 
reflow operation is conducted by which the balls are simul 
taneously melted, such that the molten solder flows onto the 
exposed bond pads within the openings and fuses to the bond 
pads to form a bump 880, as shown in FIG. 10B. When the 
fusible material is applied by this stenciling technique, one 
or more layers 872 of metal having an outermost layer that 
is wettable by the fusible material is preferably provided on 
walls of the openings in the cap. The wettable layer 872 
helps assure that during the reflowing operation, molten 
solder flows down the walls of the openings to contact and 
fuse to the bond pads of the chips. The openings in the cap 
element and the wettable layer therein are preferably pro 
vided prior to the cap element being joined to the wafer or 
wafer portion. Alternatively, depending upon the robustness 
of the adhesive used to bond the cap element to the wafer 
and the tolerance of the chips to withstand Such processing, 
the openings and/or the wettable layer can be formed after 
the cap element is joined to the wafer. The wettable layer can 
be formed in a manner Such as described above, e.g., via 
vapor deposition and/or by plating as by electroless plating 
and/or electroplating. In addition, at the same time, when the 
bond pads of the chips have exposed surfaces which are not 
wettable by a fusible material, such vapor deposition and/or 
plating techniques can be used to provide one or more 
wettable layers overlying the bond pads. Once the reflowing 
step is completed to form bumps 880 such as that shown in 
FIG. 10B, the capped wafer is severed at dicing lanes 882 to 
form individual capped chips having fusible conductive 
material rising upward from the bond pad 852 of each chip 
to a level near to or above the level of the top surface 855 
of the capped chip. 
0098. Alternatively, the one or more wettable layers need 
not be formed on the walls of the through holes, especially 
when the size of each ball 875 of Solder or other fusible 
conductive material fits well within each opening 856 of the 
cap such that each such ball 875 contacts the bond pads 852 
within the openings in the cap. In Such case, the fusible 
material adheres well to the bond pads and forms a bump 
within the opening of the capped wafer, except that the bump 
does not adhere to the walls of the opening. Thereafter, the 
capped wafer is severed at dicing lanes 882 to form indi 
vidual capped chips having fusible conductive material 
rising upward from the bond pad 852 of each chip to a level 
near to or above the level of the top surface 855 of the 
capped chip. 
0099 FIG. 11 illustrates a capped chip 1100 according to 
a variation of the above-described embodiment. In this 
embodiment, instead of providing a wettable layer of metal 
on surfaces of the bond pads 1150 of each chip, a stud bump 
1152 is bonded, e.g., thermosonically, to each bond pad 
1150, the bond pads being shown as rectangular-shaped 
features in FIG. 11 and the stud bumps 1152 shown as 
circular-shaped features. Stud bumps typically include a 
noble metal, especially gold. As best seen in the sectional 
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view provided in FIG. 12, stud bumps 1152 are formed by 
a tool such as a wire-bonding tool which bonds a molten 
ball-like mass 1154 of metal onto a bond pad 1150 and then 
pulls away from the mass, leaving a stub-like wire 1156 
projecting from the mass. With the stud bumps attached to 
the bond pads, the capped chip 1100 can be bonded to 
terminals 1160 of another component such as a circuit panel 
1170 or circuit board, such as through masses of a fusible 
material, e.g., solder, or conductive adhesive which bridges 
the space between terminals 1160 and stud bumps 1152. In 
a particular embodiment, bumps of solder can be pre-formed 
on the terminals of the circuit panel for bonding to the bond 
pads 1150 on the chip. Alternatively, bumps of solder can be 
provided on the stud bumps for bonding to the terminals of 
the circuit panel. 
0100. As these and other variations and combinations of 
the features discussed above can be utilized without depart 
ing from the present invention as defined by the claims, the 
foregoing description of the preferred embodiments should 
be taken by way of illustration rather than by way of 
limitation of the invention as defined by the claims. 

1. A method of forming a capped chip including a 
conductive interconnect extending vertically through a cap 
thereof, comprising: 

providing a cap having an outer Surface, an inner Surface 
opposite said outer Surface, and a plurality of through 
holes extending between said outer and inner Surfaces; 

aligning and joining said cap to a chip having a front face, 
a device region at said front face and a plurality of bond 
pads exposed at said front face, such that said inner 
Surface of said cap faces said front face of said chip; 

positioning a mass of fusible conductive material through 
a first through hole of said plurality of through holes 
onto a first bond pad of said plurality of bond pads; and 

heating said positioned mass of fusible conductive mate 
rial. Such that said mass bonds to said first bond pad, 
said steps of positioning and heating said mass of 
fusible conductive material forming at least a portion of 
a conductive interconnect extending from said first 
bond pad at least partially through said first through 
hole. 

2. The method as claimed in claim 1, wherein said step of 
aligning and joining said cap to said chip includes providing 
a sealing medium between said front face of said chip and 
said inner Surface of said cap, wherein said sealing medium 
separates said device region from said plurality of bond 
pads. 

3. The method as claimed in claim 2, wherein said step of 
positioning said mass of fusible conductive material 
includes dispensing a ball-shaped mass of said fusible 
conductive material, and said fusible conductive material 
includes at least one material selected from the group 
consisting of Solder, tin and a eutectic composition. 

4. The method as claimed in claim 3, wherein said cap 
consists essentially of a material which is not wettable by 
said fusible conductive material and said non-wettable mate 
rial is exposed at walls of said plurality of through holes 
Such that said step of heating said positioned mass does not 
wet said wall of said first through hole. 
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5. The method as claimed in claim 4, wherein said walls 
of said plurality of through holes extend in a substantially 
vertical direction perpendicular to said outer face of said 
Cap. 

6. The method as claimed in claim 5, wherein said walls 
of said plurality of through holes extend at an angle of less 
than 30 degrees from a direction perpendicular to said outer 
face of said cap. 

7. The method as claimed in claim 3, further comprising 
after aligning and joining said cap to said chip, forming 
wettable layers on said plurality of bond pads and on walls 
of said plurality of through holes, wherein said step of 
heating said positioned mass wets said first bond pad and 
wets a first wall of said first through hole. 

8. The method as claimed in claim 3, further comprising, 
prior to aligning and joining said cap to said chip, forming 
wettable layers on said plurality of bond pads and on walls 
of said plurality of through holes, wherein said step of 
heating said positioned mass wets said first bond pad and 
wets a first wall of said first through hole. 

9. The method as claimed in claim 1, wherein said step of 
positioning said mass includes using a gas to direct said 
mass towards said first bond pad. 

10. The method as claimed in claim 1, wherein said step 
of heating said positioned mass includes directing light from 
a laser onto said positioned mass until said positioned mass 
bonds with said first bond pad. 

11. The method as claimed in claim 1, further comprising 
positioning a second mass of said fusible conductive mate 
rial in contact with said bonded mass and heating said 
second mass until said second mass bonds with said bonded 
mass, thereby increasing a height of said conductive inter 
connect above said first bond pad. 

12. The method as claimed in claim 1, wherein said mass 
of fusible conductive material is a first mass, said method 
further comprising, 

after heating said first mass to bond said first mass to said 
first bond pad, positioning a second mass of fusible 
conductive material through a second through hole of 
said plurality of through holes onto a second bond pad 
of said plurality of bond pads; and 

heating said second mass such that said heated second 
mass bonds to said second bond pad, said steps of 
positioning and heating said second mass forming at 
least a portion of a second conductive interconnect 
extending from said second bond pad at least partially 
through said second through hole. 

13. The method as claimed in claim 1, wherein said mass 
is a first mass, and said step of positioning said mass 
includes simultaneously positioning a second mass of said 
fusible conductive material through a second through hole of 
said plurality of through holes onto a second bond pad of 
said plurality of bond pads, and said step of heating said 
mass includes simultaneously heating said positioned sec 
ond mass of fusible conductive material. Such that said 
second mass bonds to said second bond pad to form at least 
a portion of a second conductive interconnect extending 
from said second bond pad at least partially through said 
second through hole. 

14. The method as claimed in claim 13, wherein said steps 
of positioning and heating said first mass, and positioning 
and heating said second mass are performed sequentially at 
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a time when said chip remains attached to other chips in 
form of at least a portion of a wafer. 

15. The method as claimed in claim 13, further compris 
ing, performing the following steps in sequential order for 
each ith bond pad of said plurality of bond pads, after 
heating said second mass to bond said second mass to said 
second bond pad, 

positioning an ith mass of fusible conductive material 
through an ith through hole of said plurality of through 
holes onto said ith bond pad; and 

heating said ith mass such that said heated ith mass bonds 
to said ith bond pad, said steps of positioning and 
heating said ith mass forms at least a portion of an ith 
conductive interconnect extending from said ith bond 
pad at least partially through said ith through hole. 

16. The method as claimed in claim 1, wherein said inner 
Surface of said cap is spaced from said front face of said chip 
by a first vertical separation distance and a width of said 
positioned mass is greater than said first vertical separation 
distance. 

17. The method as claimed in claim 13, wherein said step 
of positioning said second mass includes dispensing said 
fusible conductive material in a second nominal volume 
exceeding a first nominal Volume of said first mass by more 
than 20%. 

18. The method as claimed in claim 16, wherein a width 
of said first through hole at said inner Surface is greater than 
said vertical separation distance. 

19. The method as claimed in claim 16, wherein a 
thickness of said cap between said inner and outer Surfaces 
is greater than a width of first through hole at said inner 
Surface. 

20. The method as claimed in claim 17, wherein said 
second nominal Volume is dispensed in said step of posi 
tioning said second mass by an apparatus which positions 
and heats said first nominal Volume, said second nominal 
Volume being determined by adjusting said apparatus 
according to at least one of a width of said second through 
hole and a vertical separation distance between said inner 
Surface of said cap and said front Surface of said chip at said 
second through hole. 

21. A method of fabricating a microelectronic device, 
comprising: 

(a) assembling a cap element with a wafer element having 
a front face including a plurality of regions, each Such 
region including an active area and a plurality of bond 
pads exposed at the front face outside of the active area, 
so that the cap element overlies the front face of the 
wafer element, the cap element having a plurality of 
openings extending from an outer Surface of the cap 
element to an inner Surface of the cap element; then 

(b) positioning and bonding a first mass of fusible con 
ductive material through a first opening of the plurality 
of openings onto a first bond pad of the plurality of 
bond pads; 

(c) positioning and bonding a second mass of fusible 
conductive material through one or more of the plural 
ity of openings; 

(d) repeating steps (b) and (c) a plurality of times; and 
(e) severing the wafer element and the cap element along 

severance lines to thereby form a plurality of capped 
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units, the capped units including a plurality of conduc 
tive interconnects, the conductive interconnects includ 
ing the first and second bonded masses. 

22. The method as claimed in claim 21, wherein the steps 
(b) and (c) are performed sequentially to the first bond pad 
and to a second bond pad of the plurality of bond pads. 

23. The method as claimed in claim 21, wherein the steps 
(b) and (c) are performed sequentially to bond the second 
mass through the first opening to the first mass to form 
stacked masses including the first mass and the second mass 
bonded to the first mass. 

24. The method as claimed in claim 21, wherein each of 
the steps (b) and (c) are performed simultaneously to the first 
bond pad and to a second bond pad of the plurality of bond 
pads using a tool which heats the first mass individually to 
cause the first mass to bond to the first bond pad and using 
a tool which heats the second mass individually to cause the 
second mass to bond to the second bond pad. 

25. The method as claimed in claim 21, wherein each of 
the steps (b) and (c) are performed simultaneously to the first 
bond pad and to a second bond pad of the plurality of bond 
pads by providing a combined mass of the fusible material 
including the first and second masses to a combined opening 
in which the first and second bond pads are exposed and 
causing the combined mass to melt and simultaneously bond 
to the first and second bond pads, wherein the step (e) of 
severing the wafer element and the cap element severs the 
combined mass to form a first conductive interconnect 
extending from the first bond pad of a first chip and a second 
conductive interconnect extending from a second bond pad 
of a second chip. 

26. A device, comprising: 

a chip having a front face having a plurality of peripheral 
edges, said chip including an active region and a 
plurality of bond pads exposed in a bond pad region at 
said front face; 

a cap overlying said front face, said cap having an inner 
Surface facing said front face, an outer Surface opposite 
said inner Surface, and a plurality of through holes 
extending between said inner and outer Surfaces, said 
cap being mounted to said chip and spaced therefrom to 
define a void; and 

a plurality of electrically conductive interconnects, each 
including a fusible conductive material, bonded to said 
plurality of bond pads and extending at least partially 
through said through holes, wherein said plurality of 
electrically conductive interconnects includes stacked 
columns of two or more masses of said fusible con 
ductive material in ones of said plurality of through 
holes. 

27. The device as claimed in claim 26, further comprising 
a seal extending between said cap and said chip over a 
portion of said chip between said active region and said bond 
pad region. 

28. The device as claimed in claim 27, wherein said seal 
extends to outer portions of said front face extending 
between said bond pad region and said peripheral edges. 

29. An assembly comprising a device as claimed in claim 
26 and a Substrate having a front Surface and one or more 
terminals exposed at said front Surface, said front face of 
said chip facing toward said front Surface of said Substrate, 
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said stacked columns of two or more masses of said fusible 
conductive material being bonded to said one or more 
terminals of said Substrate. 

30. The assembly as claimed in claim 29, wherein said 
substrate includes a dielectric element and a plurality of 
metal wiring patterns exposed at said front Surface. 

31. The assembly as claimed in claim 30, wherein said 
dielectric element includes at least one material selected 
from the group consisting of BT resins, FR-4 composites, 
epoxies, ceramics, polyimide or glasses. 

32. A microelectronic assembly, comprising: 
a microelectronic device, said device including: 

(a) a chip having a front Surface and a rear Surface, said 
front Surface including an active region and a plu 
rality of contacts exposed at said front Surface out 
side of said active region; 

(b) a cap overlaying said front Surface of said chip, said 
cap having an inner Surface adjacent to said front 
Surface, an outer Surface remote from said inner 
Surface and edges bounding said cap, at least one of 
said edges including one or more outer portions and 
one or more recesses extending laterally inward from 
said outer portions, said contacts being aligned with 
said recesses and exposed within said recesses; and 

(c) a plurality of conductive interconnects bonded to 
said contacts, said conductive interconnects extend 
ing from said contacts in a direction towards said 
outer Surface; and 
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a circuit panel having a first Surface and a plurality of 
terminals exposed at said first Surface bonded to said 
contacts of said chip through said conductive intercon 
nects, said microelectronic device positioned Such that 
said outer Surface of said cap faces said first Surface of 
said circuit panel. 

33. The microelectronic assembly as claimed in claim 32, 
wherein said conductive interconnects include masses of a 
fusible conductive material bonded to said contacts. 

34. The microelectronic assembly as claimed in claim 33, 
wherein said masses are first masses, said microelectronic 
device further comprising second masses of a fusible con 
ductive material bonded to at least some of said first masses 
of fusible conductive material to form stacked masses, at 
least Some of said conductive interconnects including said 
stacked masses. 

35. The microelectronic assembly as claimed in claim 32, 
wherein said conductive interconnects include Stud bumps 
bonded to said contacts and a flowable conductive medium 
bonding said stud bumps to said terminals. 

36. The microelectronic assembly as claimed in claim 35, 
wherein said flowable conductive medium includes a fusible 
conductive medium. 

37. The microelectronic assembly as claimed in claim 36, 
wherein said flowable conductive medium includes a con 
ductive adhesive. 


